
Forest [cology
and

Management
ForestEcologyandManagement93(1997)153—160

Selectionharvestsin Amazonianrainforests:long-termimpacts
on soil properties

K,L. McNabb a M.S. Miller b B.G. Lockaby a.* B.J. Stokes C R.G. Clawsona J.A.

Stanturfd J.N.M. Silva
School of Forestry, Auburn University, Auburn, AL 36849-5418. USA

Deportment ofAgronoms’ ond Soils. Auburn University, Auburn, AL 36849, USA
US Forest Service, Engineering Unit, Auburn, AL 36849, USA

US Forest Service, Stoneville, MS 38776, USA

E’npreso Brosileiro De Pesquiso Agropecudria (EMBRA PA). Bele~m, Ford, Brazil

Accepted6 August 1996

Abstract

Surface soil propertieswere comparedamong disturbanceclassesassociatedwith a single-treeselectionharveststudy
installed in 1979 in the Brazilian Amazon. Responsevariablesincluded pH, total N, total organic C, extractableF,
exchangeableK, Ca, Mg, and bulk density. In general,concentrationsof all elementsdisplayedresidualeffects 16 years
afterharvestswith N, P, K, andC beinginverselyrelatedto disturbanceintensity while Ca andMg levelsas well as pH
weredirectly related.Elementalcontentsexhibited fewerresidualeffectsexcept in the casesof Ca andMg contentswhich
generallyincreasedwith disturbanceintensity. Higher intensity disturbanceclasseswere associatedwith increasedbulk
density. Soil impactsapparentafter 16 yearssuggesta combinationof directeffectsof harvests(e.g. asin thecaseof bulk
density) combinedwith indirect influencesof the ecophysiologyof the Cecropia sp. which dominatedisturbedareas.©
1997 ElsevierScienceBy.
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1. Introduction

Sustainedintegrity and function of forest ecosys-
tems is a major concern world wide. The need to

insure the continued satisfaction of human needs
derived from forestsis especiallystrong tn assocta-
tion with tropical rain forests. These biomes are
highly valued for timber resourcesand non-timber
valuessuch as biological diversity, carbon cycling
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functions,andeffectson global climate.Historically,
however,these forestshavebeenused in a destruc-
tive manner such as slash and burn agriculture,
unrestrictedlogging, and conversionto other land
uses.Facedwith increasingpopulationpressuresand
the needfor economicgrowth, countrieswith tropi-
cal forestsoften turn to theseexploitive strategiesto
maketheir forestseconomtcallyproductive.

Sustainabledevelopmentof tropical forests has
beendefinedby FAO (cited by Dykstra and Hem-
rich, 1992) as “the managementand conservationof
the naturalresourcebaseand the orientationof tech-
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It is unclear whether changesin availability re-
flect net changesin quantitiesand if so, whetherthey
are a critical factor in controlling revegetationpat-
terns (Harcombe, 1980). Alternatively, Jordan and
Herrera(1981)havearguedthat disturbanceof tropi-
cal forests on low fertility sites such as occur in
much of the AmazonRiver Basin will cause large
nutrient lossesand,subsequently,major decreasesin
productivity. Similarly, the degreeto which harvest-
ing traffic and subsequentchangesin soil physical
propertiesmay affect patternsof nutrient availabil-
ity/export after disturbanceis uncertatn.

Our objectivein the currentstudywas to compare
currentsoil propertiesamongfour disturbanceclasses
on plots which had been selectively harvested in
1979. We hypothesizedthat disturbancesassociated
with single-treeselectionharvestsusing plannedac-
cess would stimulate only short-term shifts tn
macronutrientavailability and that those would be
undetectableafter 16 years.Similarly. we expected
that increases in bulk density and net changesin
quantitiesof soil C, N, P. K. Ca. andMg would not
be detectableafter the sametime period.

2. Studyarea

The investigationtook place on the Tapaj6sNa-
tional Forestwhich is locatedin the stateof Parsand
near the city of Santar~m in the Amazon River
Basin.The geographiccoordinatesof the Tapajdsare
2o40~S to 4010’S and 54045’W to 55000’W. The
Tapajdsis borderedon the west by the Tapaj6sriver,
to the east by the Santar~m—Cuiab~highway be-
tweenkm 50 to 205, to the southby the SantaCruz
and Cupari rivers, while diminishing to a point on
the northernboundary.Soils on the Tapaj6smay be
categorized in the orthox suborder in the United
States system or Ferralsol in the FAG/UNESCO
system(SUDAM. 1989) with a solum depth fre-
quently beyond2 m. Texture is clayey (i.e. approxi-
mately 80%) although these soils are usually well
drained,permeable,and highly resistant to erosion.
Originating from Tertiary sedimentsof variable tex-
ture. the base saturationis usually low. The A hori-
zon is typically weak while the B mayaverageabove
150cmdepth(Hernandezetal., 1993). The geomor-
phology of the forest can be describedas a wide

plateau(120—170m altitude) on the easternside of
the forest that is graduallydissectedinto increasingly
deeperravines and steepvalleys until reaching the
flood plain of the Tapaj6s river on the west. The
study site is locatedon the easternside of the forest
on flat topographyundissectedby waterchannels.

The vegetationis primary high forest and domt-
nant over- andunderstoryspeciesare listed in Silva
et al. (1995). A short, dry season exists during
August—Octoberwhen rainfall is less than 60 mm
month- and accountsfor about 4% of the annual
total of 2 100 mm. Monthly rainfall is maximizedin
March, April, and May with averagesabove300 mm
montVt, correspondingto 48% of annual rainfall
(Hernandezet al.. 1993). Averagemonthly tempera-
tures vary from 24.3 to 25.80C(Silva et al., 1995).

3. Methods

3. 1. Treatment establishment

In 1979. a single replication of three treatment
plots were designatedandsubjectedto the following
treatments:control (24 ha). single-treeselectionhar-
vest of all commercial timber > 55 cm DBH (25
ha), and selectionharvestof all commercialspecies
> 45 cm DBH (39 ha). Harvestsx~ere precededby
an inventory and mappingof all commercialspecies.
Layout of primary skid trails wasorientedat regular
tntervals in an east—westdirection and that of sec-
ondary trails according to locations of individual
trees.No soil datawerecollectedprior to or immedi-
ately following the 1979 harvests.Accordingto Silva
et al. (1995), the logging intensitywasheavyrelative
to that usually observed in Amazonian selection

harvests. An averace of 16 trees hat from 63
specieswere t-emovedwhich translatesto a volume
extractionof 75 m3 ha

3.2. Field sampling

All field samplingfor the current study took place
during January. 1995. On harvestplots, threecate-
~ories of disturbancewere designatedfor sampling
and included (a) minimally disturbed(i.e. any area
on a harvestplot not falling within a skid trail), (b)
between ruts on skid trails, and (c) within ruts on
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4. Results

Ruts in skid trails were still visible after 16 years
andthe depthsandwidthsof ruts averaged16 and 97
cm, respectively.In general,skid trails were occu-
pied by Cecropia 5p., a common pioneer during
secondary successionin tropical rainforests (Al-
varez-Buylla and Garcia-Barrios,1991). According
to J. Francis (unpublishedreports, 1996), the three
speciesof Cecropia which occur on the Tapaj6s
include C. bicolor Klotzsch, palmata WilId., and
sciadolphylla Mart.There were no significantdiffer-
encesbetweenprimary andsecondaryskid trail data
for any responsevariableand, consequently,those
datawere pooledby disturbanceclass.

Comparisonsof concentrationdata for N, P, K,
Ca, Mg among classesindicated that levels of all
elementsremainedaffected to varying degreesby
harvestingafter 16 years (Tables I and 2). In gen-
eral, concentrationsof N, P. K, and C decreasedwith
disturbance intensity while those of Ca and Mg
increased.Bulk density and pH both increaseddi-
rectly with intensity. In addition, therewere signifi-
cant changesin bulk density, Ca, and Mg between
the controls vs minimally disturbed areas,a poten-
tially, very importantfinding in relation to the high
proportion of areaassociatedwith the latter distur-
banceclass.

Nitrogen, P, and pH effects were most strongly
pronounced when skid trail versus non-skid trail
sampleswerecompared.Therewasno differencefor
N, P. or pH when controls were compared with
minimally disturbedareas.Calcium and Mg exhib-
ited tandembehaviorand,as mentioned,were altered
evenin minimally disturbedareas.Carbonconcentra-

Tahte 2
Probahility levels associatedwith paired-comparisonsof Table I

dataamongdisturbanceclasseson harvestedsites in the Brazilian
Amazon

Comparison 80 pH N P K Ca Mg C

Control—rut 0.00 0.03 0.00 0.04 0.08 0.00 0.00 0.06
Control—mm. dist, 0.10 0.94 0.31 0.84 0.34 0.00 0.00 0.61
Control—middle 0.00 0.00 0.02 0.07 0.13 0.00 0.00 0.18
Mm. dist.—rut 0.00 0.00 0.01 0.01 0.32 0.22 0.10 0.09
Mi dist—middle 0.01 0.00 0.10 0.02 0.36 0.19 0.13 0.25
Middle—mt 0.01 0.32 0.40 0.81 0.99 0.82 0.84 0,61

Table 3
Content (g m

2 to 5 cm depth) of N, P. K, Ca, Mg, and C by
disturbance classeson harvested sites in the Brazilian Amazon.
Standarden~ors in parentheses

Class N P K Ca Mg C

Control 178.6 0.33 2.96 0.29 0.18 2393
(3.97) (0.02) (0.18) (0.03) (0.03) (107)

Minimally disturbed 178.8 0.35 2.91 0.54 0.30 2432
(3.98) (0.01) (0.11) (0.06) (0.02) (67)

Skid trails middle 178.8 0.31 2.91 0.73 0.40 2446
(3.58) (0.02) (0.11) (0.10) (0.04) (72)

Skid trails ruts 183.4 0.32 3.07 0.75 0.41 2524
(1.73) (0.02) (0.11) (0.10) (0.03) (74)

ttons were different only when the mostdivergent
classeswere compared.Bulk density data indicated
that soils remainedcompactedin all classesafter 16
years. Potassiumwas the least responsiveof any
element to disturbanceafter this time period. Al-
thoughC/N ratiosgenerally widenedas disturbance
increased, (i.e. 13.3 to 13.9) differences among
classeswerenot significant.

Comparisonsof net changesin elementalcontent
to a depth of 7.6 cm indicated fewer statistically
significant shifts than did the concentrationdata
(Tables3 and4). Therewere no significantshifts for
N, K, or C. However,significant increasesin content
of both Ca and Mg were evident as disturbance
increasedexcept in the within vs between-rutcom-
parisons.

In 1995, the visible extent of areal disturbance
associatedwith eachdisturbanceclasswas similaron
the 45- and 55-cm plots and averagedas follows:
primary skid trails, 1%; secondaryskid trails,0.1%;
and minimally disturbedareas,99%. However, the
extent of areal disturbanceat the time of harvestin

Table 4
Probability levels associatedwith paired-comparisonsof Table 3
data amongdisturbanceclasseson harvestedsites in the Brazilian
Amazon

Comparison N P K Ca Mg C

Control—rut 0.56 0.75 0.60 0.00 0.00 0.32
Control—mm. dist. 0.98 0.49 0.79 0.00 0.00 0.76
Control—middle 0.98 0.44 0.81 0.00 0.00 0.68
Mm. dist.—rut 0.46 0.20 0.30 0.06 0.01 0.35
Mi dist—middle 1.00 0.06 0.98 0.10 0.04 0.89
Middle—rut 0.4.4 0:60 0.32 0.90 0.82 0.45
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tropical forest demandscomparedwith those of N
andP(Sanchez,1992).

Based on the evidence that organic N and C
concentrationsare reducedin the heavy disturbance
classes,we believe that the conversionof above-
and/orbelowgrounddetritus to soil organicmatter
(SOM) has been altered in the heavy disturbance
classes.This could result from restrictedroot growth
in the upper7.6 cm of mineral soil due to residual
compaction, different root architecture associated
with Cecropia sp. (i.e. greatertendencyfor roots to
occur in the 0 horizon), or differential quality (i.e.
slowerdecomposition)of Cecropia sp. detritus. It is
possiblethat P and K trendsare associatedwith the
sameSOM linkage.

6. Conclusion

it should not be surprising that long-termeffects
of harvestingin systemswith very strong biogeo-
chemical linkages between vegetationand soil are
heavily influenced by the ecophysiologyof pioneer
vegetationspecies.However,an interactionbetween
residual soil compactionand vegetationcannot be
eliminatedas a possibleexplanationfor some of the
results presentedhere. It is apparentthat, although
soil C wasassessedonly to a very shallow depth,no
evidenceof net soil C source or sink behaviorex-
istedafter 16 years.

Given the tendencyfor Cecropia sp. to colonize
natural gaps, it is likely that single-tree selection
harvestsin the Tapaj6smimic processesongoing in
gap-phaseregenerationto some degree.This may
reflect a majordifferencebetweenselectionharvests
vs tropical clearcutssinceearlysuccessionalpatterns
may be disrupted in the clearcuts(Alvarez-BuylIa
andGarcia-Barrios,1991).The combinationof small
canopyopeningsand soil disturbanceassociatedwith
selection harvestsmay resembleconditionscreated
by an upturnedtree, a scenariothat is conduciveto
the establishmentof pioneervegetationsuch as Ce-
cropia sp. (Putz, 1983).

However, a betterunderstandingis neededof the
degreeto which the soil conditions describedhere
are stmilar to thoseassociatedwith gap-phaseregen-
eration. If soil processesdiffer between the two
modesof gap creation,the distinction could be im-

portantto the sustainedmanagementof theseecosys-
tems since even the minimally disturbedareas(i.e.
99% of the harvestedarea)continue to show evi-
dence of compaction and biogeochemicaldiffer-
ences.
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